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PRINTING SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 61/282,223, filed Jan. 4, 2010.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to ik printers and, particu-
larly, to a printing system and method having a dot matrix-
type printer using a liquid ik reservorr.

2. Description of the Related Art

Dot matrix printers (sometimes referred to as “impact
matrix printers”) are well known 1n the art. A dot matrix
printer 1s a type ol computer printer with a print head that runs
back and forth, or 1n an up and down motion, on the page and
prints by impact, striking an ink-soaked cloth ribbon against
the paper, much like a typewriter. Unlike a typewriter or daisy
wheel printer, letters are drawn out of a dot matrix, and thus,
varied fonts and arbitrary graphics can be produced.

FIGS. 2A and 2C 1illustrate a conventional dot matrix
printer head 100. The rear end of member 11 1s provided with
an upwardly projecting wall 14, as shown, having a plurality
of tapped openings 15. The rearwardly directed surface of
wall 14 has a truncated pyramidal configuration. The open-
ings 15 provided on the rear surface are aligned so as to be
substantially perpendicular to their associated mounting sur-
faces.

Each of the openings 1s tapped to threadably engage the
threaded collar 17 of a solenoid assembly 18. FIG. 2B shows
a cross-sectional view of one solenoid assembly 18 removed
from the assembly 10 1n order to show the internal structure 1n
detail. The remaining solenoid assemblies are similarly pro-
vided with threaded collars for threadably engaging an asso-
ciated one of the tapped apertures 15. Each solenoid has a
slender solenoid wire 19 projecting outwardly through an
opening provided at the forward end of each tapped collar 17,
from which print wires extend from the forward end of each
solenoid assembly to the forward or left-hand end of member
11.

Die cast member 11 1s further provided with a first mount-
ing portion 20 having a first groove 21 provided 1n a first
upright portion 22 and a groove 21a provided 1n a second
upright portion 24. The grooves 21 and 21a are adapted to
receive a flat plate 25 provided with a plurality of openings
26, cach receiving an associated one of the solenoid wires 19.

A second supporting section 27 die cast as an integral part
of member 11 and positioned 1n front of section 20 1s com-
prised of a first groove 28 extending from a first upright
portion 29 and a second groove 28a provided 1n a second
upright portion 30. These grooves are adapted to receive a flat
plate 31 provided with a plurality of openings 32, each receiv-
ing an associate one of the solenoid wires 19.

A final upright portion 34 1s die cast as an integral portion
of member 11 and 1s provided with a centrally located open-
ing 35, with the opening widening at ledge 38 to form a wider
opening 39. In operation, the solenoid wires 19 may be selec-
tively moved in the directions shown by arrows 40 and 41 (as
shown 1n FIG. 2D) so as to selectively impact against a paper
tape (not shown) positioned 1n close proximity to the front
end of the printer head assembly. In order that the constant
and rapid movement of the print wires be subjected to a
mimmum amount of abrasive wear, a plurality of tube guides
42 are provided. Each of the tube guides 42 1s comprised of a
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hollow, elongated sleeve formed of a metallic material which
1s force-fitted through an associated opening 26 1n disc 25 and
which recerves a print wire through its central opening so as
to prevent any abrasive wear between the solenoid wires and
the disc 25.

FIG. 2B shows a detailed sectional view of one of the print
wire solenoids 18, which includes a one-piece shell member
50 whose right-hand portion 1s substantially cylindrical 1n
shape and 1s threaded at 17. A fastening nut 51 threadably
engages threaded collar 17 for the purpose of tightening or
locking the solenoid to the upright wall 14 once the solenoid
1s mounted 1n the desired position. The left-hand portion of
shell 50 1s also cylindrical in shape and has a cylindrical wall
53 to form a hollow annular shaped interior region 54 which
houses the solenoid coil 55. The central core portion 52 has a
centrally located opening 56 for slidably receiving print wire
19 which 1s secured to the left-hand end of cylindrical shaped
armature member 57 and which passes through opening 56 to
a wider opening 36q and a still wider opening 565 provided 1n
shell 50. A tubular shaped wire guide 58 surrounds a portion
of print wire 19, as shown. The solenoid coil 55 1s provided
with a pair of connecting leads 39 for coupling the print
solenoid to driving circuitry. The connecting leads 59 extend
through an opening 60 provided near the left-hand end of
shell 50.

The armature member 57, which 1s formed of a permanent
magnet material, 1s secured to a circular shaped disc 61,
formed of a springy or resilient metallic material, by means of
rivet 62. A thin wafer 63 1s positioned between armature 57
and the left-hand surface of spring 61 and a second water 64
1s positioned between the right-hand surface of spring 61 and
the head of rivet 62, to reduce vibration.

A relatively thick disc shaped member 65, having a central
opening 65a, 1s positioned within shell 530 and has a continu-
ous annular shaped projecting tlange portion 655 engaging
the left-hand surface of spring 61. The armature assembly,
including spring 61 and armature 357, as well as disc 65, 1s
rigidly secured within shell 50 by means of a cap 66 having a
tapped interior surface 67 which threadably engages the
threaded portion 68 of shell 50.

In operation, with the coil assembly 35 de-energized,
spring 61 assumes 1ts flat shape, as shown 1n FIG. 2B. Upon
energization of coil assembly 55, the magnetic field generated
by coil 55 urges armature 57 in a direction shown by arrow A
against the biasing force imposed upon the armature by
spring 61 thereby moving print wire. When the coil assembly
55 1s de-energized, armature 57 1s caused to return to the
position shown 1n FIG. 2B under the intfluence of the biasing
spring 61. The print solenoid 1s adjusted so as to cause the
print wire to move approximately 0.45 to 0.56 mm toward the
right when the coil assembly 1s energized, thereby causing the
extreme left-hand end of the print wire to extend by the
above-mentioned distance 1n order to impact a ribbon (not
shown) and thereby print a dot upon a paper document sup-
ported by a platen (not shown).

The coil assembly 1s wound upon a cylindrical shaped
bobbin 70, which 1s then inserted into the hollow annular
portion 54 of shell 50. The tubular shaped wire guide 38 has
its left-hand portion secured to the interior opening 56a by
means ol a suitable epoxy. An epoxy 1s also preferably
applied between the threaded portion 68 of shell 50 and the
tapped portion 67 of cap 66 1n order to firmly join the shell 33
and cap 66 after appropriate adjustment (1.e., tightening) of
cap 66 upon the shell. A small opening 664 1s provided at the
center of cap 66 to adjust the amount of travel which the
armature 57 may experience and to thereby control the
amount of travel experienced by each print wire 19.
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Printer head 100, shown in FIGS. 2A-2D, 1s a conventional
dot matrix printer head. As seen from the above, there 1s great
mechanical complexity, on a very small scale, required to
form a sequence of dots (to form characters or graphics) on a
piece of paper. Misalignment of any one element will cause
misalignments of the connecting parts, thus making printer
head 100 highly susceptible to damage. A dot printer head
with a minimum of interlinking, complex parts would be
desirable.

Thus, a printing system and method solving the atoremen-
tioned problems 1s desired.

SUMMARY OF THE INVENTION

The printing system 1s a dot matrix-type printer utilizing a
liquid 1nk reservoir. The reservoir includes a lower wall, at
least one sidewall and an open upper end. The reservoir 1s
adapted for recerving a volume of liquid ink. A plurality of
pins are disposed within the reservoir, each pin having a lower
end and a tapered upper end terminating 1n a printing tip. The
plurality of pins are arrayed in parallel rows within the reser-
voir, each pin extending vertically with respect to the reser-
VOIT.

In use, the reservoir 1s held stationary, the liquid 1nk being
contained therein by gravity alone. A printing substrate, such
as a piece ol paper, 1s drawn over the open upper end of the
reservolr by conventional means, such as rollers or the like.
Thus, as opposed to a conventional dot matrix printer, where
a printer head moves relative to a stationary piece of paper, the
paper ol the present system moves relative to the stationary
reservolr.

A dniver selectively vertically translates the plurality of
pins, with each individual pin being selectively driven sepa-
rate of the other pins. In a non-printing state, each pin 1s
positioned so that the lower end 1s located adjacent the lower
wall of the reservoir, and the printing tip 1s positioned beneath
the surface of the volume of ink received within the reservorr.
Upon selective vertical translation of one of the pins, the
selected pin 1s translated upwardly so that the printing tip
thereol contacts the printing substrate to form a dot thereon,
the 1nk being carried on the surface of the printing tip of the
pin. The pin 1s then selectively lowered back into the reservoir
beneath the surface of the liquid 1nk.

These and other features of the present invention will
become readily apparent upon further review of the following
specification and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s aperspective view of a printing system according,
to the present invention.

FIG. 2A 1s a perspective view of a prior art dot matrix
printer head.

FIG. 2B 1s a section view of a solenoid driver of the prior art
dot matrix printer head of FIG. 2A.

FI1G. 2C 1s atop view of the prior art dot matrix printer head
of FIG. 2A.

FI1G. 2D 1s a side elevational view of the prior art dot matrix
printer head of FIG. 2A.

FIG. 3 15 a top view of the printing system of FIG. 1.

FIGS. 4A, 4B, 4C and 4D sequentially illustrate the print-
ing of an 1k dot on a piece of paper using a single pin of the
printing system of FIG. 1.

FI1G. 5 1s a diagrammatic view of a single pin of the printing,
system of FIG. 1, shown coupled with a driver.
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Similar reference characters denote corresponding fea-
tures consistently throughout the attached drawings.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PREFERRED

The printing system 10, as shown in FIG. 1, 1s a dot matrix-
type printer utilizing a liquid 1nk reservoir 12. The reservoir
12 includes a lower wall 13, at least one sidewall 45 and an
open upper end. Although the reservoir 12 1s shown as being
substantially rectangular in FIGS. 1 and 3, it should be under-
stood that reservoir 12 may have any suitable shape or relative
dimensions. The reservoir 12 1s adapted for recerving a vol-
ume of liquid 1ink I, which may be any desired type of liquid
nk.

A plurality of pins 44 are disposed within the reservoir 12,
cach pin 44 having a main body 16, which may be cylindrical,
as shown, or may have any other suitable type of configura-
tion, the main body 16 having a lower end and a tapered upper
end terminating 1n a printing tip 48. As shown 1in FIGS. 1 and
3, the plurality of pins 44 are preferably arrayed 1n parallel
rows within the reservoir 12, each pin 44 extending vertically
with respect to the reservoir 12. In FIG. 1, only rows R, R,
a central row R, and a final row R, are shown (and in FIG. 3,
only the first four rows R, R, R;, R, and the final row R are
shown), but it should be understood that rows R, through R
are formed as continuous, contiguous parallel rows ol pins 44.
Any suitable number of pins may be used 1n any single row,
and any desired number of rows may be mounted within the
reservoir 12.

In use, the reservoir 12 1s held stationary, the liquid 1nk 1
being contained therein by gravity alone. A printing substrate,
such as a piece ol paper P, 1s drawn over the open upper end of
the reservoir 12 by conventional means, such as rollers or the
like. It should be understood that any suitable mechanism for
drawing the paper P across the open upper end of reservoir 12
may be utilized. Such paper transier mechanisms are well
known 1n the field of copy machines, and such a copy machine
roller system may be utilized to transier the paper P across the
upper end of the reservoir 12. One such system 1s shown in
U.S. Pat. No. 4,009,957, which 1s hereby incorporated by
reference 1n its entirety. As opposed to a conventional dot
matrix printer, where a printer head moves relative to a sta-
tionary piece of paper, the paper P of the present system
moves relative to the stationary reservoir 12.

As shown 1n FIG. 5, a driver 33 1s provided for selectively
translating each pin 44. The driver 33 may mechanically push
the pin 44 via a support or mount 23, or may, for example,
apply electromagnetic force to selectively translate the pin
44. It should be understood that any suitable driver for selec-
tively translating each individual pin 44 may be used. For
example, solenoid systems for selectively actuating pins 1n
conventional dot matrix printers are well known 1n the art, and
may be applied to the system 10. Such a system 1s shown 1n
U.S. Pat. No. 3,833,105, which 1s hereby incorporated by
reference 1n its entirety.

The driver 33 selectively vertically translates the plurality
of pins 44, each individual pin 44 being selectively driven
separate ol the other pins 44. As shown in FIG. 4A, 1n a
non-printing state, each pin 44 1s positioned so that the lower
end of main body 16 1s located adjacent the lower wall 13 of
the reservoir 12, and the printing tip 48 1s positioned beneath
a surface of the volume of ink I recerved within the reservoir
12. Paper P 1s passed across the open upper end of reservoir
12, and, as shown in FI1G. 4B, the driver 33 selectively verti-
cally translates at least one of the pins 44, urging the pin or
pins 44 upward toward the underside of the paper P. As shown
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in F1G. 4C, the selected pin or pins 44 are translated upwardly
so that the printing tip or tips 48 contact the printing substrate
P to form a dot D thereon, the ink being carried on the surface
ol the printing tips 48 of the pins 44 by friction. As shown 1n
FIG. 4D, the pin or pins 44 are then selectively lowered back
into the reservoir 12 beneath the surface of the liquid ink I.

As best shown 1n FIG. 3, each row of pins 44 1s preferably
slightly shifted with respect to the adjacent rows (1.¢., 1n the
orientation of FIG. 3, the pins of row R, are slightly shifted to
the right of the corresponding pins of row R, and the pins of
row R, are slightly shifted to the right of the corresponding,
pins of row R,, etc.) This provides for the production of a
high-resolution image. As an example, we consider actuation
of pins 44 such that each tull row of pins 1s selectively actu-
ated. It the pins of each row were aligned, without shifting,
then sequential actuation of row R, row R,, row R,, efc.
would generate closely spaced parallel lines on paper P,
spaced apart by the distance between adjacent printing tips
48. However, because of the shifting of the pins 44 of each
row 1n system 10, such sequential actuation of each full row
would create a completely imk-covered plane, rather than a
sequence of parallel lines. Thus, the resolution of printing 1s
greatly increased by such a sequentially shifted orientation of
the pins of each row.

It 1s to be understood that the present imvention 1s not
limited to the embodiments described above, but encom-
passes any and all embodiments within the scope of the fol-
lowing claims.

I claim:

1. A printing system, comprising:

areservoir having a lower wall, at least one side wall and an
open upper end, the reservoir being adapted for receiv-
ing a volume of liquid 1nk;

a plurality of pins disposed within the reservoir, each of the
pins having a lower end and a tapered upper end termi-
nating 1 a printing tip, the plurality of pins being
arrayed 1n a plurality of parallel rows within the reser-
voir, each of the pins extending vertically with respect to
the reservoir;

means for selectively passing a printing substrate over the
open upper end of the reservoir; and

means for selectively vertically translating the plurality of
pins, such that, in a non-printing state, each of the pins 1s
positioned with the lower end located adjacent the lower
wall of the reservoir and the printing tip positioned
beneath a surface of the volume of ink within the reser-
voir, and such that, upon selective vertical translation of
one of the pins, the selected pin 1s translated upwardly,
the printing tip carrying ink thereon and contacting the
printing substrate to form a dot thereon.

2. The printing system as recited in claim 1, wherein each

said pin has a substantially cylindrical main body.

3. The printing system as recited 1n claim 2, wherein the
tapered upper end of each said pin 1s substantially conical.
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4. The printing system as recited in claim 1, wherein the at
least one side wall and said plurality of pins each extend
vertically and the lower wall extends horizontally so that the
volume of 1nk 1s held within said reservoir by gravity alone.

5. The printing system as recited in claim 4, wherein each
said parallel row of pins extends along a lateral direction with

respect to said reservorr.

6. The printing system as recited in claim 5, wherein each
said parallel row of pins 1s longitudinally spaced apart from
adjacent ones of said plurality of parallel rows of pins.

7. The printing system as recited in claim 6, wherein lon-
gitudinally adjacent individual pins of adjacent ones of said
plurality of parallel rows of pins are oifset along the lateral
direction.

8. A printing system, comprising:

a reservolr having a lower wall, at least one side wall and an
open upper end, the reservoir being adapted for recerv-
ing a volume of liquid 1nk, the at least one side wall
extending vertically and the lower wall extending hori-
zontally so that the volume of ink 1s held within said
reservolr by gravity alone;

a plurality of pins disposed within the reservoir, each of the
pins having a lower end and a tapered upper end termi-
nating 1 a printing tip, the plurality of pins being
arrayed 1n a plurality of parallel rows within the reser-
voir, each of the pins extending vertically with respect to
the reservoir;

means for selectively passing a printing substrate over the
open upper end of the reservoir; and

means for selectively vertically translating the plurality of
pins, such that, in a non-printing state, each of the pins 1s
positioned with the lower end thereot located adjacent
the lower wall of the reservoir and the printing tip thereof
positioned beneath a surface of the volume of 1nk within
the reservoir, and such that, upon selective vertical trans-
lation of one of the pins, the selected pin 1s translated
upwardly, the printing tip carrying ink thereon and con-
tacting the printing substrate to form a dot thereon.

9. The printing system as recited 1n claim 8, wherein each

said pin has a substantially cylindrical main body.

10. The printing system as recited in claim 9, wherein the
tapered upper end of each said pin 1s substantially conical.

11. The printing system as recited in claim 10, wherein
cach said parallel row of pins extends along a lateral direction
with respect to said reservorr.

12. The printing system as recited in claim 10, wherein
cach said parallel row of pins 1s longitudinally spaced apart
from adjacent ones of said plurality of parallel rows of pins.

13. The printing system as recited in claim 12, wherein
longitudinally adjacent individual pins of adjacent ones of
said plurality of parallel rows of pins are offset along the
lateral direction.
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